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The thermal convers ion o f  coal  i n v o l v e s  t h e  decomposi t ion o f  i n t e r -  
connected hydroaromatic s t r u c t u r e s  i n t o  resonance s t a b i l i z e d  b e n z y l i c  r a d i c a l  
fragments. Capping o f  these r a d i c a l s  w i t h  hydrogen from a donor so l ven t  
leads t o  the fo rma t ion  i n  h i g h  y i e l d s  o f  lower  molecular  we igh t  s o l u b l e  
and v o l a t i l e  products  (1 -5 ) .  I n  the  absence o f  a donor so l ven t ,  the 
r a d i c a l s  a b s t r a c t  hydrogen from a l k y l  coa l  s t r u c t u r e s  and depending on the  
supply  o f  donatable hydrogen w i t h i n  the  c o a l ,  conve rs ion  y i e l d s  may be 
g r e a t l y  a f f e c t e d  (3,  6 ) .  I n  view o f  the g r e a t  v a r i e t y  o f  r a d i c a l s  which 
must form d u r i n g  coa l  l i q u e f a c t i o n  and the  many p o s s i b l e  competing r e a c t i o n s  
which lead t o  products ,  t h e  a b i l i t y  o f  a donor s o l v e n t  t o  t r a n s f e r  hydrogen 
t o  coa l  r a d i c a l s  i s  undoubtedly  o f  g r e a t  importance. 

A l though much q u a n t i t a t i v e  da ta  d e s c r i b i n g  the  r e a c t i o n s  o f  a l k y l  and 
I heteroatom r a d i c a l s  w i t h  hydroaromat ic  donor so l ven ts  e x i s t s ,  (7 -9 )  sur-  

p r i s i n g l y  l i t t l e  d a t a  i s  a v a i l a b l e  on the r e a c t i o n s  o f  resonance s t a b i l i z e d  
r a d i c a l s  w i t h  hydroaromat ic  donors (10-14) .  R e a l i z i n g  t h e  importance o f  
t h i s  d a t a  t o  the  development o f  a bas i c  understanding of coa l  convers ion 
chemis t r y  we have developed a procedure f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  
of hydrogen donor s t r e n g t h s  toward benzyl r a d i c a l .  
rearrangement o f  o - a l l y l  benzyl r a d i c a l  aga ins t  hydrogen t r a n s f e r  t o  t h e  
r a d i c a l  from a donor so l ven t ,  see Equat ions 1 and 2. A t  t h i s  t ime,  the  
method p rov ides  r e l a t i v e  and es t ima ted  abso lu te  r a t e s  of hydrogen atom 
t r a n s f e r .  
r e l a t i v e  r a t e s  t o  abso lu te  r a t e s  w i t h  a h igh  degree o f  accuracy and 
p rec i s ion .  

Experimental 

The method competes the 

Experiments are in progress which are designed t o  c o n v e r t  these 

Synthes is  o f  o - a l l  y l  azo to l  uene. o-a1 l y l  benzy laz i  ne was synthes ized 
from o -a l l y l benza ldehyde  and hydraz ine s u l f a t e  accord ing t o  t h e  procedure 
o f  H. H.  H a t t  (15 ) .  The az ine was reduced t o  i t s  corresponding hydraz ine 
d e r i v a t i v e  w i t h  Na-Hg(5%) i n  methanol. o - A l l y l b e n z y l h y d r a z i n e  was o x i d i z e d  
t o  o - a l l y l a z o t o l u e n e  accord ing t o  the  procedure o f  Cohen and Wang ( 1 6 ) ;  
m.p. 47.5-49.OOC; NMR (CDC13) , 7.33-7.20 ( sha rp  m, 8H, aromat ic-H) ,  6.25- 
5.75 and 5.15-4.80 (m, 6-H, o l e f i n i c - H ) ,  4.96 ( s ,  4-H, benzyl-H t o  n i t r o g e n  
atom, superimposed on v i n y l  r e g i o n ) ,  3.48 ( d  o f  t, 4-H, J = 6.2, 1.5Hz, 
benzyl-H t o  v i n y l  group) ;  Analyses: Calc., C, 82.72, H, 7.64, N, 9.65; 
found, C, 82.6, H, 7.73, N, 9.58. 

De te rm ina t ion  o f  r e l a t i v e  r a t e s  o f  hydrogen atom t r a n s f e r  t o  o - a l l y l b e n z y l  
S o l u t i o n s  o f  t h e  o - a l l y l a z o t o l u e n e ,  hydrogen donor, and sometimes r a d i c a l .  

an i n e r t  s o l v e n t  such as benzene o r  phenyl e t h e r ,  were degassed and sealed 
i n  pyrex tubes and then  the rmos ta t ted  f o r  20 minutes ( a p p i o x i m a t e l y  2 h a l f -  
l i v e s ) .  The c o n c e n t r a t i o n  o f  azo compound was kep t  low (<.OlMj t o  min imize 
r a d i c a l  induced decomposi t ion and t o  min imize consumption o f  donor so l ven t  
( u s u a l l y  ~ 5 %  consumed). The r e l a t i v e  amounts o f  2-rnethyl indan (2MI)  and 
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and o-allyltoluene (OAT)  were determined by cap i l l a ry  g a s  chromatography 
analysis a f t e r  they were separated from the unreacted azo compound by high 
performance liquid chromatography. 
e ra ture  concentrations of donor solvents were corrected t o  r e f l e c t  the 
solution dens i ty  a t  l6O0C ( 1 7 ) .  
-+5% due t o  lack of precise information about the actual l iquid dens i t ies .  

I n  ca lcu la t ing  kabs/kre, the room temp- 

We expect the e r ro r  in these values t o  be 

Results and Discussion 

o-Allyazotoluene i s  a conviently prepared thermal source of o-a l ly l -  
I n  donor  solvents equi l ivant  t o  or be t te r  than m-xylene 

Upon decomposition, 
benzyl rad ica ls .  
i t  has a ha l f - l i f e  o f  approximately 10 m i n  a t  i6U"C. 
a pair  of o-allylbenzyl rad ica ls  form and undergo reac t ions  of rearrangement, 
hydroyen abstraction and combination. 

~ c U 2 C H = C H ,  

+ DH 
c u,. 

ac$cH=CHz / CH,. + 

acqcH=CH2 + D a  
CH, * aCHFH*Hz CH,D 

The yields of products, 2-methylindan ( Z M i ) ,  and  o-allyltoluene ( O A T ) ,  
formed from the competing reactions of rearrangement, Equation 1 and hydrogen 
atom abstraction, Equation 2 ,  are observed t o  vary according t o  the hydrogen 
donor strength of the donor solvent ( D H ) .  Under the experimental conditions,  
the formation o f  2MI and OAT are i r r eve r s ib l e  and the amount of DH consumed 
i s  small, so t h a t  the r a t e  constant for  hydrogen abs t rac t ion ,  k a b s ,  r e l a t ive  
t o  rearrangement, kre, for a given donor i s  provided by the expression, 

- kabs = [OAT] 
kre [2MI][DH]n 

5)  

where n i s  the number of donatable hydrogens per donor  molecule. 

The formation of 2MI i s  controlled by the unimolecular rearrangement 
of o-allylbenzyl and the r a t e  constant,  k re ,  for  t h i s  reaction i s  independent 
of solvent composition, such tha t  the values,  kabs/kre, provide a quanti- 
t a t i v e  index of hydrogen donor strength.  I n  Table I ,  index values for  a 
s e r i e s  of hydrogen donor solvents and  model compounds have been compiled 
from kabs /k re  values. For convience of comparison, the values have been 
indexed r e l a t ive  to in-xylene for  which kabs/kre i s  2.53 x 10-3. 

ship between donor strength and  resonance s t ab i l i za t ion  energy of the radical 
formed from the  donor molecule, i . e . ,  9,lO-dihydroanthracene > allylbenzene 
9,10-dihydrophenanthrene > diphenylmethane > m-xylene. 

In te res t ing ly  the index quan t i t a t ive ly  bears out the expected re la t ion-  

Diphenylmethane i s  
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a much Poorer so l ven t  than d ihydroanthracene because s t e r i c  h inderance 
p reven ts  both phenyl r i n g s  f rom being s imu l taneous ly  conjugated w i t h  t h e  
r a d i c a l  s i t e .  L i t t l e  s t e r i c  hinderance i s  i n  e f f e c t  f o r  the r a d i c a l  de- 
r i v e d  from a l l y l  benzene and t h e r e f o r e  the  r a d i c a l  exper iences g r e a t e r  
resonance s t a b i l i z a t i o n  than d iphenylmethy l  r a d i c a l  and e x h i b i t s  a g r e a t e r  
r a t e  o f  hydrogen donat ion.  
i s  a f a r  super io r  donor t o  t e t r a l i n  o r  9,lO-dihydrophenanthrene. 

p o l a r  and resonance e f f e c t s  i n  a c c e l e r a t i n g  atom t r a n s f e r  r e a c t i o n s ,  i .e.,  
th iophenol  >phenol > xy lene.  These r e s u l t s  i n d i c a t e  t h a t  compounds such 
as naphthols  and t h i o l s  are among the most impor tan t  donors i n  h i g h  s u l f u r  
c o a l s  and oxygen r i c h  medium ranked coa ls .  
impor tan t  and as y e t  r e l a t i v e l y  unknown r o l e s  i n  the f o r m a t i o n  o f  s o l u b l e  
convers ion products  and chars ( l a ) .  

f o r  assessing donor so l ven t  s t reng ths .  
e s t i m a t i n g  the  Arrhenius parameters f o r  t he  abso lu te  r a t e  o f  rearrangement 
f o r  o - a l l y l b e n z y l  r a d i c a l  are a t  hand (19 )  and an exper imen ta l  de te rm ina t ion  
i s  i n  progress. 
t o  researchers i nvo l ved  i n  develop ing thermochemical k i n e t i c  models o f  coa l  
l i q u e f a c t i o n  and t o  i n v e s t i g a t o r s  i n t e r e s t e d  i n  understanding bas i c  chemical 
t rans fo rma t ions .  

O f  t he  r e c y c l a b l e  so l ven ts ,  9 , lO-d ihydroanthracene 

The index q u a n t i t a t i v e l y  i l l u s t r a t e s  the  as ton ish ing  e f f e c t s  o f  combined 

I t  i s  c l e a r  t h a t  t h e y  p l a y  

These r e s u l t s  e a s i l y  show the  importance of e s t a b l i s h i n g  such a method 
Furthermore, good methods f o r  

Therefore,  t h i s  body o f  da ta  w i l l  be o f  g r e a t  va lue bo th  

Table I .  Hydrogen Donor S t reng th  o f  Selected Solvents  and Model Compounds 
Towards o - A l l y l b e n z y l  Rad ica l .  

Donor R e l a t i v e  Donor S t reng th  

m-xylene ( a )  
1,5-Cycloctadiene 
Diphenylmethane 
T e t r a l i n  
9,lO-Dihydrophenanthrene 
Phenol 
A l ly lbenzene 
9, I O - D i  hydroanthracene 
Tr  i -n- b u t y l  s t  annane 3 .  
1-Naphthol 
Thi ophenol 1. 

1 
1 1  
20 
27 
33 
76 

114 

t32 1 0 5  
1970 
10x106 
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